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Abstract? A detailed logical des^ign exists for laost'of -^the /XD^l-iintemar J 

computer, but some additional designirig_and_sonie--re«desi-gnlng ~ 
F*u.^t be done before firm decisions can be made to use the de=» 
sign, 

Notet These notes surLniarise discussions of joint IBM^J-lIT s-oudy of the 
problen o^^^er an extended period of time and rep.'essnt the best engjjieer^ 
ing infornaticn currently available, Cornments ::'-'cni all parties concerned 
V7ill be appreciated* Decisior.s in final fern will be given .m iiriting by 
Lincoln. LsfDoratory, Division 6, acting on behaiLf of the Air Force o 

Important Koteg Sections 1, 2, and 3$ ond the attached drav;ings illustrate 
a rathsr consistent system for the prirpose of simplifying the discussion 
and tabulation of questionable items (Sections hs 5^ and Appendix B) and 
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Intrcduntion 

The £.tatu3 of the XD«1 internal logical design as of about June 23 
is shov/n on two drawings g "Second Rough Drafts Comprehensive .L-^gisal 
Diagra'Ti'* (SD=51i8h6«U) and "Second Rough Dx^afts Traffic Diagrajns^ (SO°37625°U)p 
both of .izhich are attachedo These drawings show suggested designs as well 
as fiiTii decisions <, but do not indicate which decisions 3re firmo 

Tliis E^note explains the drawings and tabulates firm decisionsc) 
iiLSoraplet^d areas^ etco Recent proposals are discussed in an appendix rather 
than in the body of the nate in. order to avoid delaying, its appearance any 
longer© These recent proposals are not yet shoim on the attached drawir^gSo 
The drawings will be brought up to da^'e from time to timec, but whether they 
will be made "official'* or kept unofficial has not been decidedo The official 
draT'iings for the system (the block schema.t:'cs) are being standardised and are 
not discussed here© 

Supplements to this note will bring the descriptions up to date from ' 
time to timeo 

"Internal" logical design here refers to the part of the system 
V'hich does. not include terminal equipment nor- the parts of the drum syst-em 
T-jhich communicate vrith the -oc^^inal equipment© 

It is assumed that the reader has been introduced to the system by 
literature such as the IBM and MIT Quarterly Reports ^ ■ 

Section 1<, Brief d.^rtcrintion of system as shown on the drawings 

» i n -i j J ■ n il. I « ». ? i II . 11 ■ ■ ■ I II > ii - i 1 

The attached traffic diagram (see Introduction above) includes a 
.;.*^System Block CXitline"^ which shows the registers of the system and the^ paths 
of information flow and selection » The vertical layout of the block outlins 
matches the vertical layout of the traffic diagrams for the instructions o ^le 
breakdo^.m of instructions into classes and variations^^ and the assigriment of 
digits in a word, is shovm beside the block outline o 

• The instructions sho-.^m are described in IBli Report IM21^ "Prelimii>Dry 
Operator's Reference Manual" ^ as revised June 3 and Ju:ie 23c, except. that some 
minor differences are assumed (such as the inclusion of 3 ^se instructions in^ 
stead of one)© A proposed insDiucLion., b22:==branch on overfloi-r^ is parenth8=» 
tically included© 



■Ji- 
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The traffic diagrjjn" shows the acoi^^lty of the system block outline 
- (horisontally compressed to, a single vertic--«l line) at any in; tant of time a 
Different instants of tirie are shown running horizontplly across the page© 
All instructions are shovm^ but in many cases differeut variations of a given 
class are sho'^-m occurring at the sane time>, the distinction between varia° 
tions being indicated by ballooas and notes o The numbers appearing randomly 
sprirJcled on the drav;ing indicate which control line of the comprehensiTe 
Logical Diagram is responsible for the activity shown near the number on the 
Traffic Diagrani. Each vertical wavy line reminds the observer than an input° 
output break can occur at this tlme^ as illustrated after the ADD class and 
after bio- The computer timing of the break will start at a random time with 
respect to the timiiig of the ciru^n circuit s^o so that the break must be designed 
to work regardless of the phase relationship between the drum and the computer « 
The diagonal lines shovm during the breaks indicate these different phase re° 
lationshipso 

The attached comprehensive diagram (see Introduction above) shors,, 
in compact form^ all the logically necessary connections in the computer (ex'=' 
cept for the areas of incompleoeness discussed in Section U)o In r^orly'all 
cases, the only difference between this compact fomi and a fully expanded 
form is that r'::p3titive units are drawn as a single iinit with Multiple cable^ 
connections to ito A "singlc:°-ine" connection to a repetitive unit indicates 
that this line is repeated in all such units (unless note". othen-7ise)<) which 
in some cases means all units are .connected to. the one line5 and in other 
cases means that the line passes via a gate in each repetitive unit© The sym=> 
bology is not fully standardised yet and may lead to tempora2ry confusion in 
some cases* 

A dot in a box represents eithe?? a gate tube or a diode ^&:^ cirouito 
An open triangle in a matrix represents an "6:" function^ which will often be 
accomplished by an "£c" diode at this point and another "Sc" diode at the pre° 
ceding poiiitj> as shown in the \ipper right-hand panel of .the dr-awingo (Note 
that th.ere are 8 A-sise panels on the drawingo ) 

The upper three panels of the drawing show, primarily^, the genera- 
tion of all commands • In genex^al^ each vertical line controls one command 
(numbered to correspond with the numbers on the traffic diagr'a.m)s a class 
line selects the cor:mand pulse output ('-CPO") numbers to be useds a varia° 
tion line may also have to be selected.? .each CPO unit (gate tT±-e) which is 
thus turned on will be pulsed by the time pulse number appear^ing inside the 
box representing that CPO unit^ and the command pulse will result o The 
upper left panel also shov/s the Op Reg with its class and variation m.atrixe-s^ 
Memory cycle conti"-ol (for determining which "msmory^'-cyaie of an operation 
should bo performed^ and including the Break synchronizer and Break flip^-flcp 
for pro\^din;^ ''in-out break memory cycles'-)^. Tii.ie Pulso Distributorg Clocks 
Clock Pulse Control (for determining the usc.i or suppression.-, of deck 
pulses, and including the 10 Interlock) <, and some manual controls <> 
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The lowe-^ left prinel shovrs the parts of the input-output system- 
which are concerned with the internal logic of the machine o Note that this 
includes druia position counters and comparers^? equipment for marking drun 
position at the start point of a search for informationj, ar^ "Ask Address-* 
circuitry for suspending a drum process if the computer should manually be 
stopped momentarily,. 

The lower central panel shows memory and addressing equipmento 
The memory (in the upper half of the panel) includes a delay-line control 
for memory (for proper operation under manual control of time pulses )r) 
parity check circuits, and Test Memory (Toggle svritches^ flip-flopsc, and 
separate memory address register )«> The addressing equipment (in the lower 
half of the panel) include s^, among other thingSr, circuits which allow the 
Adr Reg to be used as a Step Counter for mujtiply^ etco., as a selection 
switch for the new operation "so" (skip or operate^ whose address specifies 
what equipment to senvse or to. operate )j, as a start-control for starting pro° 
gram timing (''?!") when the step counter is nearly finished^ and as a divide 
pulse' distributor for controlling the divide process © 

The lower right r-^nel shows the arithmetic elemento Note tha.t 
only one of the two arithmetic elements is shovm (the other one is identical 
except where indicated otheniisej; for example^ the LA Reg can be cleared 
separately from the cleeving of theBAReg^ so two lines are shovm clearing 
the A P.eg)o Note that cj^-'cuits are provided for sign control (including 
temporaiy overflow storage), overflow storage^ end-aroond^carry control 
(including control of shift-left after erji-around-carry and control of di= 
vide additions., including the final corrective step)^ and for all types of 
shifts* "Ace X" holds the number shifted off the right end of the accumu° 
lator during addo During each "add" or "subtract" step of divide^ the re<=> 
suiting sign is complemented and placed in Ace S^ to be cycled j,nto B Reg 
Ip as the quotient digit* 

Section 2© Illustrative explanation of one in s t ruction 

liistructions are performed in units^. i-vrelve tjime-^pulses eachr, 
called memory cycles, (Some insti^actions contain three memory cycles*) 
This makes the explanation of an instruction ia.irly sLmple even in the 
following exc-mple, which has been chosen in order to illustrate as many 
techniques as possible in one unified example* The example is the instruct^ 
ion tdv^ t;Tin and divide, with Ix Reg 2 specified* To illus-^rate an in=> 
out break-out memory cycle^ it is assumed that instructions previously 
performed ha.ve started the drum system in the writing modec. and that the drum 
system calls for a break-out cycle just as the divide process is about to 
start* 



See Important Note on Page 1, 
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Section 2»1^ 

Briefly, what happens is this (refer to the traffic diagram^o iipper 
left comer) 3 A pro gran" timing memory cycle obtains the ins traction from 
the menory (Tlrie Pulse 6) and adds Ix Reg 2 to the addr-ess (TP 9)o Then an 
operation-timing me^iiory cycle obtains the number from memory (TP 6)^0 'Hwiiis" 
it by sending the left half to both halves of the A Eeg (TP 7)5 and starts 
the divide process (TP ?)<, This process is carried out independently of the 
memory cycle s^ and is composed of 16 steps (each one similar to that shoi-Tn 
in the balloon bet^-reen TP 9 sjid T? 0)o Ivhen the operation- timing cycle is 
completed, all time pulses in the computer stop to trait for the divide pro^ 
cess» As the last step is being completed^) a new prograra==timing memory 
cycle is started* It controls an extra^ corrective <, step of the divide 
(TP 1 to T? 5)5 smd finishes the divide operation (TP 6) ifhile it is obtain^- 
ing the next instruction from memory (TP 6)0 But Before this Rr Tmg cycle 
begins^ uhile the divide process is going on.-, and just uhen the time pulses 
were stopped to wait for the divide processc, it is discover i that the driara 
has asked for a memory cycle,, Consequently the time pulses are perip.itted to 
continue until the break^out is completedo This does not affect the divide 
process in any way* (The traffic diagram for the break-ort is shcri-rn in the 
center of the upper right panel o) 

Section 2 c ^"* 

Before explaining the instruction in more detaiJ. it is necessary 
to explain a fei; things about Memory Cycle Control and Clock Pulse Control 
(upper left corner of Ccmprehensive diagram) o At the star^t of program 
timing in our e::cample, the breeds: FF (in Kern Cycle Control) contains sero.) 
allowing the selected class matrix line to ba "on-^o The '^PT-' FF contains 
zeroc allowing the bottom matrix line^, "Prog tng''^ to be --on'.^ and makdlng 
sure that all matri:c lines marked -^OT" (operation timing) are -^off^^o The 
"AB" FF contains zero^ but this ".rill not affect the td'7 instruotiono The 
result is th^tt the prcgram timing line \rill be ^^on'^5 and one- class line 
\rill be "on-^o Tae class line will control the final steps of the previous 
operation^ uhich will not affect program timing and vrill not be describsdo 
The brealc sj-nctooniaer contains zero because the drum has not yet asked for 
a breako The 10 Intlk (in Clock Pulse Contr'ol) contains "one" because tht5 
dmjii is hunting for an address a The pause o ABc, semi-stop,, and stop flip-flops 
all contain serOj, allc-ring only the second gate (in the vertical set of four) 
to pass 2 mc pulseso These will operate the time pulse distributor., vjhich 
will produce commands from the command pulse output (CPO) units which happen 
to be "on"e (For exampD-e^ the first three CPO unfits are always -^on^^ and 
so time pulses 6, 10, exid 11 will always emerge from themo See later sections 
for what these pulses doo) 



See Important Note on Page 1, 
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Section 2o3 

The following detailed description of the prc^T-ain^tiiTiing pai't of 
the instruction can be f olloT^ed on both the traffic diagram and the eonipre° 
hensive diagram. 

On time pulse (TP) nothing happens (ioBo^ no CPO unit produces a 
ccmmand)* This alloirs the matrix to finish setting up (the PT FF was comple-- 
mented only 0*5 ^tsec earlier)*. 

The traffic diagram shows TP 1 reading the Pr Ctr to the M Adr Reg 
(CFG 2o) and oleai-ing H Buf (CPO 33 )5 f^nd shoTfSy for instance., that the ulea::?" 
ing of H Buf is coniplet-ed by TP 2o. These can be found on the c-omprehensi're 
diagram as follows? inziediater»y above each CPO unit is an abbreviation i^hich 
suggests the instractions vrhicn turn on the GFO urilto Ijnnediately above th£.t 
is the CPO member o CPOs 28 and 33 can be found in the center panel o The 
diagram shows that CPO 28 is turned on only during .progi-"am timing and is 
pulsed by TP 1« Its output di. (appears into a multiple cable Jind c^an be found 
emerging at the Pr Ctr and pulfjing a set of readout, gate^ vjhich read the Pr 
Ctr to the M ^6-x- R=g„ This line is not labelled at the Pr Otr,. but the title 
at the CPO unit suggests which line it should be and where it can be foundo 
-(The H Adr Reg was cleared on the previous memory' cycles) CPO 33 is always 
"on"<! and actually consists of two separate gate tubes <, V7e are hirra concerned 
with the one pulsed by TP 1«, Its output disappears into a multiple cable and 
can be found emerging at the M Buf and clearing all PF^s^ including the parity 
PFo 

The traffic diagram shows nothing happening on TP 2 (to allot'? M 
Adr Reg5 and associated matrix,:, tirae. to set up)^ and shox-y-r, TP 3 starting the 
read process in the H Pwegs (CPO 22)o On the comprehensive diagramc, CPO 22 is 
shown to be alw^ays "on"> and pulsed by T? 3o Its output can be directly 
traced to M Adr Reg« If the address specifies magnetic memory (the "test 
memory" FF contains zero| it is digit R 1 of the address,, as show'n in the 
upper. right corner of the lovrar right panel of the traffic dia.gr-am)<, the 
pulse clears the Test Memory Adr Reg (thus disabling test memory if register 
zero permanently contains r^ero) and proceeds to the memory delay-'line contx^ol^ 
turning the read control FF one (See sei^tion 3«>13 for furthei^ discussion cf 
Test MaTioryo) If the time pulse distributor V7ere manually tur'ned off at this 
time the majgnetic memory timing-would not be affected^ because the delay'- 
line control is not disturbed o 



•if- 
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Assmmdjig the time pulses are not stopped^ the traffic diag2:'am 
shows that the next event is on TP ^c, CPO 27.0 the adding of "one" to the 
Pr Ctr^, and that the carry propagation nay not be done -until TP 6 and that 
the last FF vill be stabilised by TP 7* 'The CFG 27 and the Pr Gtr count 
circuit can be found on the comprehensive diagraTio 

The traffic diagram shows CFO lU and 23 active on TP 6o CPO ih 
clears the Instruction Register (IoBo^) Op Reg plus Adr Reg)e> CPO 23 reads 
the Mo Regs to the M Buf o 

(The comprehensive diagram shows CPO 23 connected not only to the 
Prog Tng line of the natri:^^ but also to the break out and to all "OT'^ 
lines except cne of the STORE class lines o It is pulsed on TP 3 and its 
output delayed lc3' ixseco This is to insure proper oper action of ths meinory 
if the time pulses are stopped on T? 3o) 

The traffic diagram next sho^-TS the read pulse teiirdnated on 
TP 6o$ and^ on T? 7^ the H Buf read to M Regs and a parity count star-ted 
in the M Buf » These events are controlled by the memory d'"!lay-iine controlc> 
as sho'.-m on the ccmprehensive diagr£«.Tio The traffic diagram sho-.rs TP 7 
x'-eading the K Buf to the Insxr Reg, by CPO 1$^ >'hich can also be found on 
the comprehensive diagrariu OnTP 7o5 the memory delay-line control starts 
the vjrite process <> 

Nothing happens on TP 8 because the conti^ol matrix is being set 
up, to tdv for this example <, The lo-jor right panel of the traffic diagram 
indicates that tdv is in the multiply class and that variation digits 9 
and 10 should both contain "l"o On the comprehensive diagram^ the class 
matrix Tri.ll be setting up to the multiply class o This >7ill turn on the top 
line of the control matrix (which will stay on even during an in<-out breaks) 
to allow the dv process to continue)- and the "FT" half of the multiply 
class line (because the "FT" F? suppresses the ^'CT^ half)o The bottom line 
of the class portion of the. control matrix (»'Prcg T'mg^n is i^ot distur-bed^ 
and remains on<. In the variation niatrix, assuming digits 7 and 8 both 
contain zero^ the top line (^*0") will be 0% and the four lines represent" 
ing digit 7 = "0-^ 8 = "0'\<,. 9 = V'l^:) and "lO = ^-V^ irill be on^ The Op 
Reg (upper left corner of comprehensive diagram) also includcis the Ix Is 
Matrix.-) which will be set up to -'2'^ in this example o The output of this 
matrix can be 'ti^aced doi-jn to the.Ix RegSc 

Tlie traffic diagram next shows CPO UOc, on TP 9s> allowing the Op 
Reg to select which index register to add to Adr Rego This can be traced 
out on the comprehensive diagram^.^ which shows CPO 1x0 connected to ths ^>PT'^ 
line of the individual classes© {To will not be "on" for classes U"6o) 
The command goes to each Ix Reg^, where a single gate . connected to the 
Ix Ic matrix determines whether that Ix Reg should be added to Adr Rego 
The Oo5 \izeo carry delay line in each digit column of. Adi' Reg will ori^ 
gDJiate a carr^A if necessary^, on TP 10^ The carry -takes about Oo^p ^see. 
to travel the length of the register^ so the f anal. F? may not be settled 
until Oo0$ y.sec after TP Oo 
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The tratiic diagram shoi-rs that the parity FF in the H Buf is 
stabilised by TP 10, and CPO 33 causes a parity check on TP 11 while the 
neniory delay~line control is causing the write process to stop* 

The traffic diagram also shows that^ on TP 11<, CPO 33 clears 
M Adr Reg and CPO "0'^^ asks if 10 wants a breaks It implies, but does not 
show., that TP 11 also changes from Pr Tmg to operation tiiairogo On the 
comprehensive diagram^ CPO »^0^ sends a pulse to sense the 10 Break Syn- 
chronizer* Since the drum has not yet asked for a breaks the synchronizer 
contains "0" and so the break 1? will continue to contain zeroo CPO 2 
is sho'.-m being "on" during the multiply class^^ and so TP 11 emerges from 
there and complements the "PT^ flip-ilopo This tur^ns off the Prog Tmg 
line and the multiply "PI'Mines and turns en the multiply ^OT-' lin3 fas' 
operation timings, TP.O does nothing (wait for matrix to settle do;^n)c, 
-xcept that the memory aelay°line control t^jrr^ the distirfb pulse '^on^' 
on TPO and "off^'on TP 2* 

This completes the programs-timing memory :jycleo Note that the 
contents of M Buf and M Adr Reg are no longer required at TP , so that 
an 10 Break at this tisie woaD.d not distuib anything o (The break is ds° 
scribed in a later sectiono) 

Section 2,U 

The following detailed description of the operation-- timing par-t 
of the tdv instruction assumes that the reader is now familiar enough 
with the drawings to work his own way at least as far as TP 7o Note that 
CPO numbers are not sho;-m^ on the traffic diagram^, for commands which 
occurred in Pr Tmgj the required eorjiections ARE shoim on the comprehen« 
sive diagram* 

It is also assumed that the reader is now familiar enough with 
the dravjings to be able to follow most of the discussion on both dr-a5migs 
without being told which one to look at^ or how to trace The lines o 

CPO units 72^ 73^ and 71; control the transfer from M Buf to 
A Reg^ the "&" diodes (open triangles) on the variation lii'ie^ on di.git 
iO selecting eitb-r CPO 73 or 7h depending on whether a ^s^hvin" v..=riatiGn 
was specified » Note that this same circuit works regax'dless of v'hethe?? 
the instruction is in class 0^1 or 3o Note^ also.i that this circuit 
specifies the only difference between tdv and dVo 

• • CPO 31**J. sets the ..id'f Reg. for counting the proper nimiber of 
steps in a divide process (multiply class, divide variation) o Thers 
are l6 steps, and each step requires foui--' counts (since the Adr* R-eg is 
distributing, all these couiitso as explained later )<> The setting ii? 
acccmplished by sotting OR clearing each F]? of the Adr Reg© ' 



See Iraportant Note on Page 1< 
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CPO 3IA also performs an "Ace and P Reg sign^o ^lis pnlsa goe-iS 
to both arithmetic eleriientsc, and its action in c^.ch ics illustrated by its 
action in one of them? if the Ass is negative^ the kz^^c, B Heg.) and Sign" 
Control FF are all ccmplenantedo This nakes the 32-bit dividend (in Ac-s 
and B Reg) positive, and indicates that the quotient must later be mads 
negative a 

•' 

CPO 92 performs an "A Eeg sign^<, which is just like the "Ac:i 
and B Reg sign" except that onl;^ the A Reg is involved^ plus the sign 
control FFo If b:»th Ace and"A"^Keg vrere negative^ the sign control FF now 
indicates the quoiiient should be left positive* 

CPO 92 also clears B Reg 1$ (of both B Rsg^s)^ This is becauise 
the "first subl-raotion" of the divide is omitted_c since the quotient should 
be less than one* Clearing B Reg 15 at this time effectively puts a zerc 
in the 2 position of the quotient <, 

CPO 21B performs a "start AE'^.y This sets the AE (arithmetic 
element) FF of Clock False Control to "1^^ allovring 2 ms pulses to fl:*}^' 
(unless stopped by "semi-stop'" or '-stop") to the CPO unitSo Tliey ki-^- con^ 
nected to all CPO units labelled by a ^'2 mc"o The ccmiaii'.a occurs on TP 8<j 
but the first 2 mc p\ilse occu_rs on TP Slo The action of these pulses on • 
the Adr Reg a^-d arithmetic element is explained In section 2o5o ThiiJ 
action is independent of the rest of the memory cycle q vjhich the reader 
can traca to T? 11, at Khich time CPO h causes the "^P-ause^ FF to tixm. off 
.the Time Pulse Distributor and turn on a gate tiibe which repeatedly senses 
the brealc synchronizer <> This alleys the 10 system to obtain a break ir.smoi^ 
cycle while the divide process is continuing o In this example<> it is a3«=' 
s-umed that the drum asked for a break on TP 83 so that CPO '-O'-^o on TP 11^ 
would discover this request and set the bresJc FF to lo The break FF -Hould 
suppress the repeated sensing of the break synchroniser and supply poises 
to the time pulse distributor (\jhich irould not actually stop.) in this 
particular case, until the end of the break cycle )o The time pulse di^3= 
tcributor would produce a br-eaK cycle <, and not interfere with the divide 
process, because the break FF has STippressed all class matrix lines except 
the', two at the top of the control matrix^? and has turned ^-on" one of the 
brealc lines of the control matriXo The break is described in section 2o?« 
CPO 2c, on T? 11 of the operation°timing cycls^ will coraplsment the IT FFr> 
setting it to the "FT" condition in readiness for the completion of the 
divide process© . . 

Section 2o5^ 

This section describes the action of the 2 mc pulses supplied 
to the CPO units during the divide process o Only CPO 32 and 3^A "i-rill 
pass 2 mc pulses during divide*, CPO 32A senses when the process is donBr, 
and will be discussed in section 2o6y 



See important Hote on Page 1, 
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The CPO 32 subtracts one frcm the Adr Reg. (being used as a step 
counter) every half microsecond o The first two digits.- R ik and R 1^^ are . 
connected to distribute divide pulses in the following vaya \Jheii they 
both contain "1" (11 = ''3^)5 there is no carry (sub t:?ac ting coant)^ and so 
a divide p-ijlse e.T.erges on. only the '-3^* linoo V/l-ien they cont-airi "10^^' (*'2-') 
a carry pulse enters digit R Ik and. also enierges on divide pulse line "2'.'o 
VJhen they contain "Ol" ("cne"}^ no carry occurs and no divide pulse will 
emergeo V/hen they. contain ''CO" (''zero") a carry pulse enters digit R 23 
and also eir^erges on divide pulse line "O^^o These thiee puloes emerge in 
ssquence from the Adr Reg whenever GP0.32 in running^ but CPO kl slLIcms 
•ohem to do things only during divide© 

The traffic diagram shows only one sequence of three divide 
pulses (four counts )j indicating the action in the aidtlriirietie element on 
each count of the Adr Reg (35 2pO)o This represents one of the 1-S steps 
of the divide process « Since the procedure is the 5<?jn3 on '-^ich step it is 
sufficient to discuss just the first stepjVjhich assuir.es that the ^-flTot 
subtraction" has been performed.) and correctedo, and that a zero digit exists 
in the 2 position of the quotiento (Also^ the discussior refers to on3.y 
one aritlinetic element o) 

Divide pulse 3 calls for "dv set E?iC" and «^dv sl"o The divide 
set end around carry" discovers whether the previousiy-oaleulated remain'^ 
der is positive or negative (Aec S)<, If it is positive^, a s^abtraction 
should occ\ir nei-rt^ and so the A Reg is made negative (c-.cmplement^d if it 
is positive) and the end around carry control JT is set to -'1^ (for the 
reason discussed in the next paragraph) o If the remainde-i' is negative^ 
the reverse is trueo The "divide shift left-' part of thi5 divide pvQ.se 
shifts left the remainder (in Ace and B Reg). to position it for the fol= 
lowiiig subtract or add^ and shifts left the quotient (in B Reg) to make 
room for the nei-rt quotient digito This can be found on the comprehensive 
diagram as follows 2 the divide -puis 5°3 output of CPO 1+7 connsc-t-s to som^ ■ 
of the outputs of CPO units 86 and 87o The titles of these outputs caji' 
be found near the CFG unitsj> and also near the B Rego The titles show 
\ma.t shift gates ere piilsed although the dr-avring shoivs these iiiios ir>e.^ging 
(but not mizcing in an '-cr'^^' circuit) into a single line running to all 
shift--left. gateso Acc.l is shifted into the sign digix because it must 
be included in the following addition <> All addix-ion^ in the machins threat 
the sign digit like any other digit except fcr^ overflew cc.riLtroI (v.'hich is 
gated out in divide )5 and SAG control (whj.ch is ignored^ and handled sep.3.° 
rately in divide, as explained later )«> 

Divide pulse 2 next, calls for ^EA.C?^ and for ^'E/iO 0^^ "These 
pulses sense the end around carry control FF'i if it contains "1"^, the 
"carry 1'^ input to the accumulator adder circuits is pulsed^ if it con-^" 
tains "0", the ^-carry 0" input is pulsedo ("SAG O"^' sets the EA.C control 
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FF f or a purpo.^e discussed in section 2^6) The carry input to the add3r 
initiates the addition of the A Reg to the AcCo If the A Reg is nega^ 
tive, a subtraction results o The A Reg was made negative by taking the 
"1*5 conipleinent"^ but the SP^G control FF was made to specify a^carry 1^ 
input to the adder in this case© The result is to effectively .add the. 
"2's complement" i-rhenever a subtraction is required <> The remainder will 
be in true form- (if positive) or in 2-s complement form (if negative)© 
At least three advantages result from using the 2" -3 complements form 
(which is used onl;^ in the internal automatic divide process^ the final 
anvT^rer;} if nogaxivs,, being in ''i^s ccmpl^m^nt'-' form.)- an end arou^id 
caxTy is never necessary^ and it -is not necessary to add "1'^ to every 
bit of the divident which is in the B Heg when a subtraction is per^formedj 
and a zero remainder will be positive (res'\lting in a '-^1'' quotient digit 
at that point and "0" digits thereafter )o Note that 0/0 - 1/2 o 

The action of the adder circuits can be trased out by the 
reader (they are described in other literature^ such as the IBM Quarterly 
Report dated April 27^ 1953 )o A carry (''O-* or "1") is propagated from 
digit to digit, requiring about Oo^^.^xsec to travel, the length of the 
register o (The EAC control FF will remain set to -'l^'o) The sxav. is 
placed in the Ace d?gitSj Qxwirjlaced one place to the right (for speed 
in i?,^:ltiplicatiGn)., the result of colir;-n 1^5 being placed in A*-.c X and 
not in 3R So Ace S is left '^enpty"^ and so is used temporarily fox' the 
quotient digits "1" if the sign of the remainder is positive (■•'0^) and 
vice versa (this circuit is actuated only for divide because k'j5 S must 
remain "0" during multiply) o If the Ace Sc, l_c and 2 FF-s have a re= 
solution time of oU5 iisec^ then all FF-s are stabilised one microsecond 
after divide pulse 2o 

Divide pulse occurs at this timco It performs an "add 
shift left"., and places the quotient digit (from A-.3 S) in BR l^o The 
"add shift. left" corrects for the displacement caused by the .adder cir^^. 
cuitso /-cc X is shifted to Ace 1^, Aec 1 is shifted to A;::i S« and 
Koc 2-1^ are also shifted (to Aco l-lU/o All digix-s are shifted sdmul« 
taneously because such a corjiection (compared with a "ripple shift'') 
makes the cycle left instruction more conveniento 

This completes one step of the divide processo Kote that the 
result, at the end of each step^ is that the remainder (pos:.tive or 
negative) is in digits Ace S-15 (plus BE FF-s containing unused dividend 
digits )^i the quotient digit resulting fecm this step is in BR 1$,; and 
the FAG control FF contains "l--o Since 16 quot-ient digits (not include 
ing the sign digit introduced by CPO 92) ai-e desired. I6 steps must be 
performsdo The step counter end carry (from Adr. Reg) clears the AS FF 
of Clock P>.ilse Control^9 which stops the 2 mc pulses to the CPO unitoj 
ar^ thus stops the divide process© (The exact methca of generating th^s 
step ccionter end c^orry depends on the design of the ah if t- mstructiono 
This detail is not worked out yet,o The erA cro:-ry- I's shovm oc'-'orrlTig 
when the step counter contains "0"r, but it is. ii^siimed to occar when ths 
step counter contains "l"o) The divide process is completed by tha nex% 
program-timing memory cycle^ described belc"*^o 
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Section 2»o 

This section describes the final commands required by the divide 
process and vihich occur diiring the beginning of the pro gr-an-* timing mefiiiory 
cycle^ which obtains the next instruction froni the prograjiio 

CPO 32A passes 2 no pulses during the performance of the steps 
of the divide process o Each of these pulses senses the Adr Reg (step 
counter) to see if the process is nearly done,. The timing of the divide 
process is such that if the prograni'-iiimlng cycle is told to stai^t when 
the step counter rords "l" there will be no conflict bet^^'een the cornmands 
issued to the arithrrietic eleinen^ froin the divide pui-se distributor and 
those issued by the tir^e pulse distributoro The -'start FT"^ p-^ilse frcm 
Adr Heg (sc = 1) will clear the "pause'' F? of clock pul~e control.^ which 
will stop the continuous sensing, of the break synchJ."^orxi2ier and will start 
the tirp.e pulse distributor (o^ will allow it to continue after the break 
if an 10 break cycle is then in progress )<> 

The PT F? has already been sei: to "PT« by TP 11 of the previous 
operation tj.ming oycle^, and so the Prog Tmg line of the niatri::c is orio 
The action of this line was e;<plained in section 2o3o The clcciring of 
the FT FF has also tui^ned off the raiiltiply---clacis '-OT^' line and turned on 
the multiply "PT" lineo This line will remain on \mtil TP 6 clear'fi the 
operation register « Only CPO units ^6 and 6l vrill bs pulsed before that 
tiK3^ Slid they will finish the divide process as follo7r.3S 

CPO i6c, on TP 1<, pulses the same line as divide pulse Oo This 
is because it is assumed that divide palse 1 (which doasnH actually ap^ 
pear on a line) is coincident with the step counter end carry^ which 
stops the divide process before the final step on divide pulse can occur o 

The rest of the acitivity on CPO ^6 is concerned with correct'^, 
ing the remainder if it is nef'.ative (i^eoo if the final subtractdcn is 
"too much'^c so that the A Reg must be added back in again) o 

CPO ^6^ on TP I5 performs "negative set end around CEu^ry^^o 
If the Ace is positive,, nothing happens and the EA.G contr'oi FF remains 
in" a "1" (as at the end of every divide st-ep)© If Ace- is negati^ye^ an 
addition is required^ and so A Reg is made positive and the EA.C Control 
F? is cleared to request an additiono 

CPO 56;, on TP 2i, performs "K^iC or clear-^o If the E/.C Control 
FF is on "0"' the carry line is pulsed and an addition occurs » Otherwise 
no addition .nor subts^action is performedo Ir eithei case the EAC Control 
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FF is ccn;pleino:i>/nd to r3a;d9st the next stnp (io3oD if an addition ozcv^s 
the FF i-rill be coir.p'lenieuted to ^1"^ so a carry 1 output from the sign 
digit to 7A0 control is not important a) 

CPO ^6, on TP 5^ request SAG shift lefto If no addition occurradr, 
the EAC control FF irill novr contain '-O-* and so nothing will happsno But 
if an addition did occur j, the FF >n.ll now contain "l'"^ -raid so an -add SL^ 
will occur^ correcting for the shift that occurred. during the addition 
ar^ leaving the resultant reir.aindor in correct positive forin in Ace S«l5a 
Note that if the division was exact (at any stsp)^ each succeeding step 
will result in a ''0-' quotient digit and ^^uiinus A Reg'^ as a renadnder© 
The corrective step.perfomed by CFO ^6 iTill correcx this remainder to 
plus zero© 



CPO 6l corrects the sign of the r€:5ult on T? 6o The sign eon-^ 
trol F? v;as pre\'lously set up to remember the desired quotient sign© If 
it contains "1" the '''product si.^''_ obtains the -'I's'^ canplsment of ths 
remair^er £J:id quotient in Ace and..^ Reg respe.-^tively^-) other'cise Ace and 
3 Reg' rcr-iain positive * The B Reg contains it.> quotient digits and no 
. ign digiti the sign of the remainder after TP 6 is the proper quotient, 
sign^ and a shift left of l^ ;viH provide the correet quotlcnto 

This completes the tdv instruction^ except that the example 
was stated as including an 10 Brealc-out mem.ory cycleo vrhich will nov? be 
explained* 

Section 2*7"' 

This section describes the in-out break-out memory cyclso The 
ti'affic diagram shows this cycle in the center of the upper right panels 
The traffic diagram of the break is a little different from that of otVier 
cycles because it includes a -'phc-oe diagrcum" whcse diagonal lines illui;" 
trate all phases of the drum timing with respect to the oomputer tim.ingo 

The phase diagram will be briefly descr-ibed^^ and then a specie 
fie exaiTiple will be explained in more detail o 

A-11 vertical lines en the phase diagr^.m represent event--s whi'-h 
occur at a specific time vrlth respect to the computer ^-^ regardD.ess of 
the drum timing. All events controlled by difum timing are shovm along 
the horisont-al line just ci^ove xhe diagonals o The diagonals represent 
these dnim-timed events as they would occur at various different, con" 
put er times o Any horizontal liiie draini across the phase diagTan ri.ilu3« 
trates the tjoning of the drvun. ard. computer for the con^e spending ph^.se 
relationship between di*un and computer « These plvases can be xQ-:;n*.v'ifi.ed 
oj the computer "tirr.e at which the drum-'as^.Tio breai: '' pulse occurs o Thus 
the phase diagram shows phases 10(at the top)/'':.h-;.Gugh the second 11 
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(at the bottom) o It extends upivsrd to 10 and do^.'nwa.'^d to 11 .because these 
regions are indeterminate » The upper phase 10 will presuraibly set up 
the "break sync.^^' FF of "rismory cycle control" in true for TP 11 to set 
up a -breaks but .a phase later than 10 might not quite m?-ke ito GertairJLy 
a phase later than 11 (the upper 11) will not get a break until tha next 
TP II5 as sho'm. These same coraients apply to the indeterminate region 
bet'.jeen the bottom 10 and II5 except that here it is assumed that a 
phase later than 10 (but earlier than 11) night jisb barely get- an im'=' 
mediate breaks The shaded areas indicate when questionable things actually 
happen<> and this vrill be explained during the following detailed example o 

In the detailed example it will be assumed that the drum asked 
for a break on TP 8 of the td^J^ operation°timing cycle o Thus^, th^ hori<= 
zontal line for phase 8 of the phase diagram should be studisdo This 
line happens to coincide with the line labelled "10 Sel^^ in the right 
.margin^ Tlie fact that the tr'-'^fic diagram sho'js a bi instead of t^ 
preceding the break is of no consequence because nothing happens until 
TP II3 and then the break bagins and doesn^t care vi-hat operation is being 
perfoi^med* 

To help follow the action of tiis drum, the activity initiated 
by one drum tiraing msi'kcr ('*d:nim s;;rne"=^) is shox-m in the ::,enter of tha 
low2r left panel of the traffic dia^amso In the fcllo^fing discussion 
it is assumed that the reader will refer to all three drawings.^ (l) the 
comprehensive logical diagram (the 10 i^stem is in the lower left pariel)^ 
(2) the phase diagram (upper right panel of traffic diagram c, the phase 
8 line)^ and (3) the drum timing (lower left panel of traffic diagram*, 
the upper half representing the irrite timing) a 

• A pulse from the timing marker channel on the drum adds ona 
to the drum position counter or reads the drum identification to th-D 
identification register and then senses the. ccmpariscn ci^'^cuitso (The 
"selected Drum E;;::aG" pulse "srl?! be descr-ibed latero) An •■Addi'ess Found^ 
pu!l.i5 cr;srg':i2i frcm tlio golected drum Tih-^n a comp-arison checks o Ths 
-^Ask Ad::^ FF" will be on '*"1"= at this- time ujiless the c-omputer has been 
stopped o The "addi'ess found'^ will thus clear the "Ask A-dr FF"^ to pr-e^:^ 
vent looking for another register u>iless the computer resets it to "1'^ 
(d53.c^.rib-3;i 3,ater)er (The reason for delaying the cles-r 2o5 use?, is - 
described latcS')d, The pulse also adds one to the Ehrrjia Adr Reg and ths 
1.0 Adr Ctr (but not the 10 V/d Ctr because a c|w instruction md.ght bs 
in progress), ajid (since wr is selected) iirmediately emerges -.3 an 
"as^yTichronous Break,*, ^- which happens to arriT,-e at the break syno FF at 
computer TP 8 in our. example « 

Nothing happens until TP 11 senses the break syr/iirordzer*) 
sets the break l"? to "l"j and sends an •■asynchjronous AskiAdd-^esr;- xo 
the Ask Address £ynchroni;:o:?o (if T? 11 occurred duiir.3~-.;^-h5 rise tims 
of the break«synchronizer FF it must surely ask for- another address imi" 
mediately, if it is strong enough to set the break FFy' because ths 
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»^ask address" is nscsssary for the breako, as described latsro) If an 
»»I0 End Carry" ("disconnects^ has occurred^ the 10 interlc^ck -^11 not 
allo;^ another, address to be -asked foro 

On TP 3 the "address Foimd'^ pulse is emerging from the 3o5 uses 
delay line and setting. the rjrite F? to ijrite the word xhat was previously 
placed in the 10 Rego This iirdting stops on.TP 7c, and the 10 Rag is 
clearedo 

Meanv/hiloj, the Break FF has l-uiTind off all class lii'^es (except 
the upper ones -vrhich control the diTidec, multiply,, --and shift pro253se3 
in the arithmetic eleiuont) and has tvixnsd on one of the break liJies (the 
break«out line, since the read-write selector is on vr)o Tha B.':eak FF 
has also suppressed any continuous sensing of the break syn.'S FFo and h^s 
demanded time pulses » ITote that CFG 35 A cleared; the bj/eak syii':^ FF on 
TP 1 so that the next async break can function on TP 2 (if phase 10 
exists )o 

On TP 7^ a "try M Buf to 10 Reg" ;;arjiot get past the gat-e 
tube on the "Ask Adr FF" because it iras cleared on TP lo 

On TP 8., the next "Selected Exum Sync;" pulse finds the Ask 
Adr synchroniser has been set and so sets the Ask Adr FFo (It must 
try again in 1 |i.sec because in phases before phase the .?2;i\::iTro2Liise.r^ 
will not have set up yeto It i^xst try at this eai-ly tine bar.5,usa 
otheri?ise phases later than 9 would miss the last '-try M Buf to 10 Reg^ 
puls8o In phases 11 through it is not clear whether the Ask Adr FF . 
VJill be set the first time or the second<) but no pulses are hitting 
the gate tubes at this timOc) 

On T? 0, a "try M Buf to 10 Reg-' can get past the gate tube 
and will load the 10 Reg for. the i-nriting that begins on TP 7 if tha 
next drum' position is the one'desir-eao (TP 11^ d-.2layed.. is used b3=-' 
cause TP occjirs while the control matrix is being reselei^,edo Ths 
pulse nusti be as late as this because otherwise the transfer could not 
occui' during phases later than lower lOo The TP 7 tibial must cc:''-i:> 
because otherwise the 10 Reg would no-b be se^;. up soon enough dvjrjjig 
phases earlier than 2<, During phases 6 thorough 7 it is not cle-ar vrhe'=» 
ther only the late^ or both.-, trials will s-acceed-. but it doe;y not- 
matter because '"1" digits sr^e being read to 10 Reg and nobody i>3 look=> 
ing at 10 Reg at this tlmeo The Ask Adr FF nus^:-. not be c-lear-d ear-lies' 
than shoivn because then no trials would succs-e^d for phases e^rlie'r tha^ri 

Ho) 

This completes the discussion of the in-out breako Note thato 
in oui ex-3mple (phase 3) the next as^rn'.o break occurs on TP 0.- ard 3c 
TP 11 would find the break sync FF cleai'-ed and 'would "■•t-.lec-r the break 
FFo Since- the divide process is still continuin.^.r-.iiW clearing of th-5 
break TF would initiate the repeated sensing of- i-h^. creak sync- FF© 
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The second of 'bese pulses troula find the sync FF set and would initiate 
another break, Tfhnc'n wcjild appear as phase 10 (lower)* Since phase 10 
(lower) requests the next break on TP 2 (after the break nemory cycle )r, 
all breaks vdll be phase 10 until the divide process stops o If this happens 
during a break, then when the neict TP 11 clears the break FF the repeated 
sensing of the sync F? vrLll not occuTr, but instead the time pulse dis" 
tributor will continue and will produce the program timing cycle which 
finishes the divide^ and this will then be f ollovred by a phase 2 break© 

This conplotes the explanation of the td? ir.structions^ with an 
10 break-^out dirring the divide process© 

Section 3<, Discussion of obscure f eatures of other instrustiqnSo 

It is now assumed that the reader is sufficiently f smiliar with 
the drawings to work his way through all the instructions o The tdv in° 
TL«ruction and 10 break-out illustrate near].;/ all the techniques used iii 
the other instructions,, Kovfever^ certain details r(i?.y be confusing or 
entirely irdssedo An attempt will now be made to describe alj. su:<h details o 

It is assuraed that the reader will work his way^ tiine-pulse-'by= 
time pulse across the traffic diagra^i^ following the action on the con-^ 
prehensive diagr^uuo Details V7ill nc.-j be dis-sussed in the sequen.:;e in . 
v^hich the reader is likely to encounter themo The tdv and dv instructions 
should present no probleniSo 

Section 3ol'' (£^) 

All comniands for csv; occur during progf-am timing,., so no cpera^^ 
tion-»timing cycle is started (the next cycle is another prograiri'-tojrdng 
one)o This is acccnplished by not complementing the PT FF (by CFO #2^ 3d 
or 5) on the FT cycle of class 3 (unless et variation is selected)© 

3ection 3^2 ( Classes and 3) 

CFO 8l clears A Reg on TP 1 of both the OT and PT cycles© It 
is also needed on certain other instructions^, but no attempt is made to 
suppress it on instructions which will not be damaged 'oy it© 

CPO 69 finds the positive magnitude of both Ace and A Reg for 
instructions en and d^o ' ' 

All negatives are in I's complement form throughout© 



4j. 
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The "CO in" clears the EAC Control FF<) and a "carry 1^ from 
the sign digit sets it to request an end around oarr^' -Juid corrective 
SL by way Of CPO k^ and 50» 

(The 10 break-in is discussed in section 3o3) 

The sign control FF is not usedo as suehc, on this class o It 
is cleared by CPO 63 for use as a temporary overflow accuiiiulatois^o An 
overf lo'j is indicated by a carry into5 but not out of^ the sign digit 
(or vice versa) regardless of ivhether this condition occurs on the add 
or the end around carr^'-* But no overfloT-' occurs if there is both a 
carry 1 "out" on add and a carry 1 "in-^' to the sign digit during sn end 
around carry (lolll plus loOOO)^, and the sign control FF will re-::;ogni5e 
this ncn-'overflo:; condition <> The overflow -, if any^ is recorded in the 
overflow FF for future reference o (In the shift classo slgo the sign 
control FF carjnot be used for ovarflowo b'at- it is not needed because only 
one overflow pulse can occuTo/ 

Section 3o3"" ( 10 break in ) 

The magnetic neniory strobe is o^riitted., and so '^'le selected 
register is cleared without pe2:'fonaing a par^ity -iheckv The word to be 
stored is available before the memory cycle is started,, so a stopping 
of the time pulse distributor at any time >n.ll not distijsrb the transfer o 

Note that the "asynchj^^onous break" for "read-' occurs Uo5> life's 
later (in the drum timing) than it does for "tJrite"o 

Section 3 oU ( Class U.^ not including slo ) 

Note that the index register is not added in (on TP 9 of PT)£> 
and so the address in the Adr Reg can be used immediately for shiftingo 
CPO 21/i starts the arithjnetic element on TP 9 (the earliest time at vrfiich 
the control matrix laiows what jjistruction to perform )5 but the first 
shift pulse cannot occur until T? 10 o 

The shift-right pulses going to Ace do not go to all digit column: 
simultaneously^ Instead^ the pulse which goes to Ace ih (^0-^ and ^1^ 
shift-right gate tubes) initiates a ''ripple shifo-' of digits -lU ths'cagh S 
(shifting them to l5 through l)o The ^^ripple skift'' operates by letting 
the output of the shift gate tubes in each col''in:si be used as the r-cmninnd 
pulse for the ne:cb coluiTin to the lefto (A.cc 1^ is pulsed aloiii and does 
not pulse Ace lUo) The "ripple shift*- is used to speed up the mu2.tiplica'= 
tion process^ as explained later o and. is n ot u^ed .in B.Feg nor In shixtinH 
lefto 
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The condition "Adr Reg (or Stp Gtr^) = ^^ is used to start PTo 
(CPO 3^ also senses Stp Ctr^ but Stp Ctr =^ will occur before stp Ctr = 1<,.) 
It could have started 1/2 to 1 1/2 ^sec earlier (the only requirement i? 
that the Adr Heg be stabilized before clearing xzj or ciear-ed before read'^ 
ing into it) but the condition "SG =5" is needed <, anyitjay^ for inultiplyo 

(The clearing of A p.eg on TP 1 is needed only for slo^ but does 
not ham the other shift instructions o ) 

Sign control is not needed because the sign digit itself Is 
copied in the proper place on each shift© Note ho^.-JOYer^ th&t pe-yoliar 
results occur when shifting a negative A^-s left vhile B P.eg is full of 
zeros* 

Section 3 o-5 C^^) 

The addition is already performed on TP 9 of PT^ but CPO hi 
(instead of UO) is used because the addition is not desired en other in^ 
structions in this class o (The tir/iing of the coruaands tc A Reg is raade . 
so late simply to match the timing of bio) 

Section 3 06"' ( Class ^ ^ except bj) 

Instruction blm^ on TP 9<! senses L Ac^o If it is positive a 
"no branch" pui^e appears o Similarly with brm and R Acco Instruction 
bm is a combination of these t\TOj so that if e^the£ (or both) Ace is 
positive a "no branch" appears « The suggested -b:/'?-'^ (bra!i-:-'h. on over^^ 
flotr) produces a. "no branch^ if both Ace Overflo-i/ FP^s contain "^O^o 

In any of these instruct ions _c the absence of the '^no branch^ 
pulse allows the branch to continue as shc'/m on the trafficdiagrairio . 
But the occurrence of the pulse causes the command matrix to -5--i;5itch 
(from TP 9 to TP 11) to a condition vjhich allovrs no more commands to 
occur except PTo A special '^blank-^ OT line for the brar;.%:h class -C'^vld 
be provided for this^r, but the ccm.prehensive dia.gram shows t-h'?t the -Vo 
branch" changes the matrix 'to "store^ cycle B-J (described later )o ivhich 
has only program timing aftei" TP 9o (Tlie vaidation FF'^-'s are cleared on 
^'rjD branch'' o) 

The £0 instruction always provides a "no bri.a?-h^^ bsr-ause its 
only f inaction is to provide a "ser:se*^ or ''operate'^ pi:;l'5.a on TP 9o The 
function of this pulse is deterT?dned-by the ^-so matrix'-^ on the A.c!r ^egj 
and if a '^sensed" condition is ''on" the Pr' Ctr is made -to count oneeo . 
thus skipping the next instruction, of the progx-ariio 

If a "no branch" occijts^ the clearing of 'A^:,?' Reg and R A Reg 
on TP 9 does no-harm» ' ' ■ 
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In ai-y case^ T? 10 does nothing^) to allcrj the matrix time to 
changSo 

The coiTiinands to the Adr Reg are for bij and do not affect the 
other instructions in this class o 

The commands to the Pr Ctr ea:riiiot b':^z-ar eaiiflier thaii TP 11 
because the control matrix is not stabilised until theno Trie new contents 
of Pr Ctr are needed on TP lo (TP is not used bsr-ause the matrijc might 
be switching for sn 10 Breako) 

Section 3o7"^ (M.) 

The bi instruction produces a "no branch" if the selected Ix 
Reg is negative o - - 

The commands to the Adr Reg ar=e for the pur-pose of subtracri»ing ly Tv 
(the Index Interva.!) f rem the selected index Reg (vii Adr Reg)o Tri^ Ad^? 
Reg must be cleai'-ed on TP 9 because it -was not kiiovm on TP 7 that the 
address from H B-uf is not deslr-edo 

Trie complement of the Ix Jv from M Baf is read into the A,db^ 
Reg on TP 11 o The Ix Iv does not cover the full length of the Adr Peg^ 
so the command m.ust inject ^TL" digits (negative -zeros) into the. remai:iirig 
FF^s of Adr Rego - - 

Ssotion 3o8" (Class 7) 

All instructions in this class sense the 10 Inter lockr, and 
will not proceed until the previous 5ii->o^cit process prc-du:;ss a disconnect o 
This is accomplished by Liaking CPO k call for a ^-pa-dse-- (as in d^^'^^^^hich 
continually senses the 10 Bk Sync and allows 10 break cycles' to proeesd., 
while the tlme-pulse-KiIistributor is otheri-7ise stoppevi to waito Heanvfhiieo 
CPO 7 has requested a "start arithmetic element"., but the resulting 
^2 mc" pulses emerge only from CPO 32 D and continually sense the 10 
Interlock F? to determine vrhen to end the pause and rei-ume reg\.ilar opera^* 
tio3.o There is no need for t-jrning off the "AE^- FF of clock pulse con-- 
trol quickly^ and CPO 6 eventually does thisa 

The instructions se^ sea., seir, and lac then lead either the 
10 selection register or the io Adr' Ctr on TP 1 and 2o 
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The instructions rd and \^ load the VTJ Ctr (different CPO 
units are used bscaiise the w^ changes to OT^ 't/hile rd remains in PT)j, 
set up the read-i-nrite TF of 10 control (vhicii also selec"OS between ixi^ 
breaks and out-brealcs), start 10 (set the interlock and start counting 
one drum revolution), and ask the drum to find an address© 

The ^ite instruction must essentially provide an initial 
break-out to provide a word for the drum to write o This it does by 
going to an OT cycle » Sin:: 3 it is the only instruction in this class 
with an OT cycle the variation digits need not be sensed during the 
OT cycle. The essential difference betvreen this OT cycle and a regu.^ 
lar break out is that the 10 Reg is' cleared and read into on TP 6 and 7, 
This must be dcno because no previous drum operation will clear 10 Reg 
nor interfere with the reading into IOR<* and because a drum sync pulse 
might not occur until too late to accept a "try M Buf to lOR'- on TP Oo 

Section 3o9" (^ii^ tr-^u) 

Each 2 mc pulse duriig multiply will sense BR 1$ to determine 
whether to shift or addo If an addition is spec:>fiedo ti.e carry input 
of the adder is pulsed o The adder 'is designed to add., shifty, and c-ij^rj 
in one step« The Ace 15 J? is pulsed immediately (by the Ace ik addei"-) 
and is stabile and readj^ for the next activity in 0o5 i-tseco The carxy 
pulse takes tine to- propagate from digit to digit5 and arrives at 
Ace S Oo$^ \iseo after Ace l5o The Ace S FI'' is stabile Oo^ iiseo^ after 
thato The B Reg is shifted (all digits at once) at the same time that 
Ace 1$ is add-shifted into Ace X and into B Reg So 

Half a microsecond after one "BR Sense'*' it is possible to 
have another one because the B Reg and Ace l5 are stabile by then and 
bec^ause the carry pulse will not arrive at other digits of Ac.c 'ontil 
they are stabile (i^e^^ the carry ripples do:m Ace at the same rate 
each time)o Ihis is also true even if the "BR Sense^^ produces a 
''multiply shift right", because the Ace shif b°right eir^cuit is connected 
to "ripple" at the same rate as the carry circuit » 

Section 3 oio''^* ( Class 2 ) 

Each stcre~class instruction^ except st and e;^^9 will leave one 
or the other half of the vrord in memory undistux^bedo It is quit?, ex- 
pensive to provide separate drivers for the left and right halves of 
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memory;, so both halves will always be handledo It is desirable to perioin 
a parity check on the halj. that xs to be i*ewri.v«^snj) Ct^hervjise an ei xor' i.* 
that half wo aid not be f oundo It is also necessary to perf onn a parity 
count for the new half that is to be written ». Since there is only one parity 
bit and only one parity count circuit it is not possible to parity^count on 
half -vfords <, Thus the above mentioned parity check and parity count must be 
performed by two independent full-word parity counts o There is not time to 
make these two counts between strobe time (TP 6) and vzrite time (T? 7) of one 
memory cycle^ so two memory cycles are required o Similar considerations ap° 
ply to the ec instructionc, so all class 2 instructions except _st will have 
2 operation- timing memory cycles o They vill be called cycle A""and cycle Bo 

These two cycles are selected by the AB FF in Memory Cycle coritrolo 
The st instruction complements this FF so that it changes from A (the nor-nal 
condition) to B at the end of program timing (CPO 35 o)<> thus skipping the 
A cycle and proceeding with B<, Tne end of the A cycle s^ritches to B and the 
end of B s^^ritches back to A but also switches out to program timing (CPO 2)o 

An in-out break must be allowed to occur between cycle A and B5 
and so the half-word to be re-'7ritten cannot be left in M Bur throu.gh TP Oo 
The full word is therefore transferred to A Reg (TP 7A) and the half to be 
re-written is read back on T? 2Bo The R A Reg nust not be disturbed on sts. 
because the purpose of this instruction is to store the original contents of 
R A Reg..- 

There is not time^ in rao^, to perform an end around carzy in the 
same way as in the ADD Class o The EAG control FF requests an BAG in ths 
Same way^, but the request is granted smply by inserting a ^1^' in Ace l5o 
This is because the only way an SAC can occui^ in rag is V7hen the original 
number is lolllll and the result should be OoOOOOlo 

An overflow can occur if rao is performed on Oolllllo This will 
be recorded directly in the overflow FF because a second (corrective) in=» 
dication cannot occur on end around carryo 

Section 3 oil (slo) 

Trogram timing is not started until Stp Ctr = 1 because extra 
time is needed-) diiring program timing^ for roundoff o 

Sign control is used to simplify the roundoff process (ioCo^ so 
BR S is added to Ace l5 regardless of the sign of the original number)* 

Section 3oi2 (ria and rjr) 

In ria the number to be read into the selected Ix Reg is placed 
in Adr Reg by program timingo 
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Section 3ol3 (o ther featxires ; 

This ccmpletes the discussion of obscure featiires which are 
likely to be encountered in working th-rough the traffic diagr-nmSa There 
remain a fei-r obscure details on the ccmprehensive diagraiUo These will 
now be discussed* 

Test storage is sho;fn iiraTiediatsly below the M Adr. Rego A 
"Test Men* Adr Reg" of k ^"s is prcr^ided in order to keep test storage . 
more isolated ircra.nagnGtic-meinor-yo Each of the l6 outputs of this re^ 
gister can be si-ritched to the corresponding one of 15 toggle«5;fit:^h re^ 
gisters or to a single set of conxrol gates on a single F? register <, A 
single TF of H Adr Reg determines -vihether or not to use test storage? 
If it contains a sero^ the "start lusm^^ pulse irill st-^vr-t nagnetic memory 
and clear the Test Kamo Ad:c Regr, selecting test register zeroo If re'= 
Fister zero contains serop then reading cat will not disturb H Buf c, and 
if register ssro is toggle s^JitcheSc, reading in c-annot disturb ito If 
the selection 'z'T contains "1"^ magnetic memory >7ill not be started^) ani 
the selected test register ^/jiii remain selectsdo The '^start- r?~^P ptO^e 
-.111 sense digits 2r,3^h of M Adr Reg (see digit layout on t^-affic dia^ 
^3m) to determine \-jhieh of 3 reset lines to pulse o Ba-Oh reset line to 
each FF of F? stCiTage c?2i set the FF to 1 or or leave it undisturbedo 
The test storage snd m.agnetic memory are strobed at the same time (b^it 
only one of thsm will have information) <, and test stor.?-ge is read into 
at the saitie time nagnetic memory is (see CPO 3U and.35)o 

The InOut system shc^rn in the lower left panel has not been 
fully e:':plainedo Tnis system is nc:r being designed by the in-out group© 
The details sho^m on this drawing are rather obsolete and will not be 
discussed further at this timeo 

The Memory Pause control (the first two CFO units) synchronizes 
the compv.ter vjith the memory timingo If the strobe pulse in memory oo" 
c\irs earlier than T? 6^ then the computer timing is not affected w But 
if the strobe occ'cg^'S later than T? 6^ the computer is stopped o It is 
started again after a delay which allc^rs the memory to catch up with the 
computer o Sxmil-arlyo if the H Adr Reg carmot be clear^ed on TP 'llr, 
TP 10 stops the computer until memory cat^?b53 upo 

The manual controls" shown under the clc3.:;k pul.pe control are 
only su[;g3stive of the controls required^ The ^-start'-c-, "Stop-^. and 
"semi"Stop'' are s^mchronised before being sent to the.FF^So The "stop^ 
stops everythirig on the next 2 mc pulse o The ■'55i2i."3top-' stop^ every™, 
thing (except in«out) at the end of a memory eycle^v in-out breaks are 
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allo'rt'ed to continue until the in=>out \mit disccrnectSo The ^alarm" can 
either do nothing^ stop the computer completely.9 or stop it and later 
start it again (pausing long enough to photog-TS-ph the indicator lights)© 
The pushbuttons to the right of the ^stop" button will st^rt the computer 
and stop it ijfunediately on the next pulse . indxcatedo For instanr-.e^, ths 
rightmost button is called "instruction" and i;ill cause the computer to 
stop after performing one instructions TP 7 of program t.irrdng stops the 
computer just after inserting ths riaict- instruction in th^ instr-uction re«=> 
gister and before the Jy. Reg is addud in and before any steps of this 
next instruction are performedo Any of these buttons c3j: be connected to 
provide "semi-stop" instead of ^-stop^o The only dijfferenceo ei?senti:ally<) 
is that if ''semi-stop" is selected and a button is pushed which carried' 
the computer through the in--=out star-t pulse of '^!'i.' or rd^-, the memory cycle 
will be completed^ no more program memory cycles will be initiated.) but 
ail in°out breaks ;iill be completed before the computer stops o 

This completes the description of the atxached di^awingt'o 

Section k* D i s cus s i on p f _Dg tj^? Ig ^SLliJEiSf^?}^!!l^^L_2iHSL.£'^„?:E^12J^^ 

It is now assumed that the reader is sufficiently familiar 
with the di'-iv.7±ngs to follow a discussion of the alternatives xhat should 
be considered before final approval is obtainedo 

Except for the firm decisions tabiilated in Section 5^ all de» 
tails are subject to change for- the following reason>>3 (1) They have 
not been thoroughly checked to make certain they vrill work correctly^ 
(2) they have not been studied to determine whether they are the best way 
of doing the job<j (3) they have not- been checked for electrorLic require-^ 
ments^ and (U) they have not been checked to make eert-ain tha.t all d.e-=' 
sired checking^ operational^, progr-amming., and ether requirements ar-~e meto 
IBM is now in the process of doing this checking and the necessary rc-.<= 
design^ after which the dr-awii^t^s will be broagiit up to datso Tixm deci=» 
s ions and approvals on the details of the system can then be attemptedo 

The following paragraphs discuss the items of Se^^tion 5^- 
which indicate the principal ai^eas of known difficulty or oirLi3sio:c.<, arid 
which point out some areas on ^»1iich no discus-iion has taken place be- 
tween HIT and IBMo (Recent resu3.ts of IBM -5 work ajr-e discussed in 
Appendix B^ and are not included ip„ the dis::>jL53ion belCf^o) 



Items lo 10 o liin 22 of ^ecti.on 5s Although Uie generaJ. 
specifications of the arithmetic element h3.ve bc-en approved there are 
numerous details which must be approvedo The iP.ajor or.rS aieg the 
inclusion of a set of lines for transferring B Reg to; A Reg (which might 
be necessary in some foreseeable new instru:;tionr-).^-'ihe location aad 
exact function of a FF to the right of Ace 15 to .cat-"^.h the digit tempore.' 
rily shifted off during regular addition,; and the.'axacb function of the 
end around carry control ^Fo 
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Items 2 and 3 require no comniento 

Items 1; and 26s Separate lines are to be used for each tran3° 
fer^ but whether a read^out or read^-in gate will be used in ea-3h instance 
has not been approved » 

Item 5 requir^^ no comment o 

ItaT.s 6y 17o 23 £) 2^2 (For additional discussion of item 6c, see 
discussions of items 85 iSs 2-^^ 27 o) Although it has been decided to use 
a class«and'=variation selection scheme it has no^: baen dee-idsd whether a 
matrix should be attached to the -^'ai^iation FF^s nor how lar'ge this matrix 
should bso Ine operation code has aloo not- been d.5cdd~dg the position cf 
the bits in the instruction word and t<he c-ode for the e-la-ss and ''fariation 
bits should both be decided upon,, 

Items Ip 9:) lis 13 5 365 iiOn ii5g The general gr-cup of instr actions 
have been approved., but specific approval of the futiction of .ipe.:'ifi.-^ in-^ 
s tractions should a.lso be obtainedo Tiie items 11 and 13 i.e^d no further'' 
comment o The e>:act form of the proposed ovei\tlovfr, aiid cheeky iii^truotionf 
have not been decidedg The check instruction Uright be a '^fave of ones-'^^ 
'(^woo^O or a ''wave of zeros" (••Vioa^-) iiisertl'ig on.-.s or zeros in all FF-Sc, 
or it -might be a much simpler in.str-u.ot ion o The p2:':^ti.al'=3tor8 instruction 
is proposed dji H-2Lil9^ and allows easy modif'ioi-.tion of sny ff^lected digit 
positions of a word in memory » 

; Items 8^ 16, 30<) 39 r h2 (and 6)g It has been decided to -asa 
Ooi ^tsec pulses from a time pulse distributor^ arid it is generally as" 
sumed (but not yet approved) that the distribal-cr -^7111 provide 12 time 
pulses at a 2 mc rats* Hov;ever<, the clock frequency might not be exactly 
2 ir^n and the tjjne, pulses Blight be interrupted occasionally (see item 32) <> 
The circuits for the clock and distributor have not even b3e?n tentatively 
decidedg the clock might be an oscillator or a delay line^ and th^ d.i.&<^ 
tributor might be delay line^ or counter 5. or stepping register o It haa 
been proposed that the control roatcr-ix could be -simplified by using a de° 
lay-line control (rather than tiirie piilses) for the iir-outi breaks fce::-ause 
the pulses to the distributor are more easily shut off thaiA the whole 
class matrix© 

Items 9$ 10^ lis see T^, Ic^ 7 respectively o- 

Items 12p 19« 32? It is generally agT.=effd that .all memory cycles 
will be unifor^ii in order to simplify the design of the 10 break system o 
A delay-line control appears desirable^ to allow stopping the computer wlt'i« 
out disj:ur-bing the memor^r process <, Memory cycles longer than 6 \x5e0 could 
be matched to the computer speed ei.ther by slowing down the comput.ei=^ clock 
or by interriaptlng the tir.ie pulses when neccssavvo . 
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Items 13, llis see 7 and 1 respectively <, 

Itenis 1$5 l8.o 2O5 21 (and 6)s The general sequences of pulses 
to be used in nost instructions have been generally agr^eed on., but 
nearly all the details have not been discussedo It seems desirable to 
provide a full microsecond for carry pulses to ripple down a set of gats 
tubes (note that the multiply scheme does nof violate this prinr-iple* 
See Section 3o9o See item 38 for divide ©) It also seems desirable t3 
allc^ one full rdcrosscond far the memory ai'Hltch and xhm ':?ontc?ol matrix 
to stabilise liisncver they are changedo The details most open to question 
are in the branch class o- 

Items l6p ITs 18^ 19^ 20<, 21<, 22. 23 s saa 

B, 6^ 15:, 12 o 1^5 1^5 I5 ^ respeotiYely* 

It^ms 2U2 3k? 38g The use of the last t^'o Adi" Reg FF's for 
the divide pulse distributor is open to questions thi'-ee FF-s ar-e pr^^ 
bably required because it seems desirable to use a 5^p^ilss -'^yrds (to 
^llow c<BX-ry tir.e)^ and these W's may be at the left of the step^^ount'er 
part of the Adr K^ga The circuit is not yet designed for proper sensing 
of the end carry^ tl?.e start of program timing.-, or the suppression of 
shift pulses if a shift of zero is programmed o The 10 V/d Gtr is alas 
not designed in these respects o 

Items 25:> 26 s see 6 and k respectively <> 

Items 21 J, 285 29 (and 6)§ Although it ^xas been decided that 
the class and variation conditions will be combined to control "command 
pulse output units"^ the rea.uir=ed intercorj:ie:5iions are not yet decdded© 
The inter connect ioi:3 shovm will work in most casesc, but a revision is 
necessai^y for electronic reasons.^ and because certain comiections restrict 
the flexibility of adding nev? instructions <> (A single CFO urdt' should 
not do more than one thing o) Ur.air.biguouii titles should be decided on for 
commandsc, other pulses., special FF"s (Acs X or A 2c l6t)o etCo In pax'ti" 
cular* a command pulse sensing a gate^ and the resulting coimtisiid pulse 
to a FF5 should have different titles* (They should also be differentiated 
by names such as '''pre-'Ccmmand*' and ''post-^-ccm.ni^^iid-'^ o Commands generated by 
sub"Controls5 such as divide control*) should be called som.ething such as 
"sub"Commands" and have special titles o) A set of official CFO ""onit num- 
bers should be assigned^ 

Iteia 30§ see 8» 

Item 3I2 The reset lines on test storage might be undeciiable^ 
or provided in a different way^ The restriction on register zeroq and 
the need for clearing the test storage s>/itcho co^ild be avoided by placing 
three gate tubes on the I-II-I^TI-I FF<, 

Item 32 § see 12 o 



Engineering Note E-560 



Page 25 of 35 



Items 33, Ul: The complete list c± rianual controls^, and the 
details for mechanizing them^ have not been worked out* 

Item 3U: see 2l4<, 

Item 3^2 Nearly all the design for in-out is subject to drastic 
revision;, based on the designs developed by the in-out groupo (See also 
item 3U.) 

Item 3^2 see 7* 

Item 37* The parity digit should probably be "l" for even^parity 
numbers « If this is not true, then a failure of memory to .read out at all 
would go undetected e 

Items 38^ 39} Uo; Iu<, U2, U3s see 

2Uj 8, 7^ 33^ 8, 7 respectivelyo 

Section 5» Tabulation of i'oeru3 apprcvedg suggestedo_qr_jjncgni3letee 

Refer to Section h for a discussion of the scope of this tabula^ 
tion and for a discussion of each itemo (Recent results of IBl-Ps "trork are 
discussed in Appendix B, and are not tabulated belowo) 



Item 



Definitely approved by letter from MTo Forrester to Mro Solomon^ 
dated June l5, 1953 o (following is an abstract)? 



2, 
3. 

5. 
6< 



Provide arithmetic element with 32°bit registers^ split into two 
l6-bit halves operated simultaneously with^ and independent of ., 
each other* 

Use a 3-input adder with combined add and shift rights for multiply « 

Gmit check register ;> but provide space for it and associated read« 
out gates in other registers » 

Use sepai^ate lines for each transfer (i^e^y^ no central bus)^ 

Provide two Ix Regs for programiriers only© Allow space for 2 morSo 

Allow operations to be selected by 3"bit class s^^itch and U^bit 
variation* Combine these to control "command pulse output*' gates 
pulsed Dj 0»1 ^jLsec pulses frcm time pulse distributor o- 

Provide operations substantially as listed on'.pages 10 arid 11 of 
IBH^s report of April 27 • 
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Item 



Fairly fimly established in general conferences' 



8, 



Use 2 mc time pulse distributor, capable of starting and stopping 
at any ttees^ 



9* Include an instruction dealing with overfloWo 

10» Include gate tubes and circuit for ^'B Reg to -L Reg" transfer, 

11 • Ooiit "full" instructions and branches on zero, 

12 o Use 'iniforra memory eyeless 6 ^ec miniiTiumi provide for longer, 

13 » Use n-2W in-ovit instructions, substantially as ±n change #2 of 

operator's manual, E-I 21» 

(Notes) See itsm.36« 



Item 



Fairly fii'mly established in small discussions bet'ijeen IBM and MITs 



lU. 

15< 

17< 



Place an extra FF to the right of each Ace l^o 

Proyide sequences of pulses to be used in dv<, and other operaticns 
substantially as shoim on attached dra^iiings <, 

Use a 12 -time . pulse distributor « 

Use a small matrix to decode some of the variation FF'So 



Item ■ 



Probably acceptable, but not necessarily discussed between IBM and MIT 



18. 

19< 
20< 
21< 
22< 
23 < 



Provide sequences of pulses exactly as shovm in many cases c 

Use Delay-line control for memory^ 

Allow one p.sec for carry ripple o 

AUoiT one jisec for each change in memory switch or control svriteh. 

Provide end around carry F? in each Ace substantially as shovm* 

Locatf: bits of operation code as shown » 



(Notes See items 37-38) 
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Item 



Probably xtot acceptable 



2U. 
25. 



Use rightmost t-.-ro Adr Heg FF»s for divide p'olse distributor, 
Use operation code (for classes and, variations) as sho^m*. 



Item 



Not yet decided (and probably not acceptable in most cases); 



26^ 

27* 
28o 
29. 
30c 
31o 
32. 
33 o 
3l4^ 
35. 

(Note; 



Use read-out or read-in gates as shown* 

Use indicated interconnections bet'.reen" control matrix and coirmiandso 

Use indicated titles of commands, pulses and special FF*s© 

Use indicated CFO numbers* 

Make tha clock rxm at exactl?;- 2 mc* 

Hake te-3t storage iz 5ho"L-me 

Provide for longer memory cjrcle by '*|pause" as shovjno 

Sync and interlock the maaual controls as shovm<. 

Provide indicated control for end carry from Adr Eeg and 10 Wdo Ctr, 

Provide In-Out details as shovm© 

See items 39-U3) 



Item 



Not. sho'rt'n, but farily irell established in general conferences 2 



36, 



Provide some kind of check instruction* 



Item 



Not shovm;, but probably desirable; 



37. 
38, 



Make pai^ity digit "1" for even-parity numbers© 
Make each divide step 5 pulses long (2o5 n-sec). 
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Item Not shovm, and not yet decided (and probably not acceptable )s 

39* Use delay-line clock and coimting distributor© 

UOo Use »n'700" and »n'JOZ"= check instructions • 

Ul*- Provide only the manual controls shoi-mo. 

U2o Control I^O breaks by delay-line rather than time pulses shcrm, 

U3» Provide a partial-store instruction* 



Signe d (k.^' ^H.M LQJX^ 
RR-l/cs 



Ro P* Mayer v^' 
ftravTdTi,^^ lIo3« Approved 



SC«37625-.h' *^* •^'* Jacobs 



Approved /^'i/^*^ (/"f'^^Z^.-f K 




No H. Taylq-r 
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APPEIIDIZC' A 



(:^:!S'5.)iVobreT;lation3 and Titles (Official) 



Registers ITote: Abbreviation given is for either half of a 32-bit register-, 

If a final "s" is included, the abbreviation refers to 
both 16-bit halves. 

If an initial "L" is included, the abbreviation refers to 
the left half. • ■, 

If an initial "R" is included, the abbreviation refers to 
the rirjit half. 

Ace Accumulator 

B Reg B Register 

A Rsg A Register 

M Buf Msnory Buffer 

Adr Reg Address Register (16 bits only) 

Op Reg Operation Register (16 bits only) 

Instr Reg Instruction Piogister (Op Keg + Adr Reg) 

Pr Ctr Program Counter (16 bits only) 

M Adr Reg lienor „■ xVddress Register (15 bits only) 

Ix Reg Indez Register (16 bits only) (2 are available, both on 

R side) 

10 Reg Input -Output Register 

10 Adr Ctr " " Address Counter (16 bits only) 
10 V/d Ctr " " Word Counter (15 bits only) 
10 Ctrl Ctr " " Control Counter (10 Adr Ctr + 10 TTd Ctr) 

Ident Reg Identification Register (16 bits only) 

Dr Adr Ctr Drum Address Counter (15 bits only) 
Dr Adr Reg " " Register (16 bits only) 

10 Intlk Input-Output Interlock 

Ix Ic Index Indicator (2 bits of Op Reg) 

Ix Iv Index Interval (7 bits of Op Reg) 
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Instructions 



APPSTOIX A (C:^r.•b.) 



ca Clear and Add rsr 

cs Clear and Subtract si 

cm Clear and Add I^agnitude cl 

ad Add slo 

su Subtract asr 

dn Difference Magnitudes asl 

mu Multiply acl 

dv Divide bm 

et Extract blm 

tad T-jrin. and Add brm 

tsu " « Subtract bi 

tmu « - 'J liultiply ria 

tdT " " Divide rir 

st Store aia 

1st Left Store se 

rst Right Store sea 

rao Add One sei 

sta Store Address rd 

ec S:c change vir 

csv; Clear and Subtract -Jord Counter lac 

sr Shift Right so 

Isr Left (Elenent) Shift Right 



Right (Element) Shift Right 

Shift Left 

Cycle Left 

Shift Left and Round 

Shift Accumulators Right 

" " Left 
Cycle " " 
Branch on Minus 

" " Left Minus 

" " right " 
Branch and Index 
Reset Index Register 

" Ix Reg from R Ace 
Add Index Register 
Select 

Select by Aidress 
Select by Identification 
Read 
V/rite 

Load Address Counter 
Skip or Operate 
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AT>Tjr?rTnTV -q 



Some Recent Proposals and Decisions 

No official ajroroval of anything has been issued since the body 
of this repo2?t was' prepared. Sone' Project Grind neetin^s have resulted in 
a fevj fairly firn proposals, an H-note on nenory pause has been issued, 
and a fev; preliidLnary block scheir.atics have been dravm by lELU Those de- 
velopments v/ill nov; be discussed in that sequen.ce. The developments have 
not yet been incorporated into the attached drawings in most cases o 



The Project Grind meetings have resulted in the follov/ing fairly 
firm proposals: 



Item 
44 



45 



46 



Project Grind 5th day: Modification of item 41: Provide the follov;ing 
manual controls: Start from present condition, start from register 
8192, load standard operating progra^i from dinimj lo^vi from card reader j 
clear all FF's, clear memory, stop on nszt instruction (semi-stop), 
perform one instruction, one mem.ory cycle, sequence DC off, remove DC 
suddenly, turn pov/er on, off, marginal check (centre Is not specified )j 
lock all controls G:^:cept errBrgency, m^ke alarm do (imspecified actions), 
operato program cyclicly, complement all I''F*s at a given frequency. 
Any control 7;hich starts the computer '.'/ill clear out all alarm indica- 
tions. IJote that details of these controls are not yet worked out.. 

Project Grind 3rd day: Nev/ item: Provide a parity digit on all drums 
v/hich are v/ritten~on from the computer, carry this digit along in all 
external transfers, and check the parity of all drum.s v;hich read into 
the computer (if they have parity digits) » This check should be per-, 
formed in M Buf . Note that details of this check are not yet -.vorked 
out, including the problem of v/hat to do v/hen an alarm occurs. 

Project Grind 2nd day: Nev; item: Provide t^vo complete m^agnatic 
ramories in such a v;ay that the second one can be bailt later and just 
plugged in. Note that the details of this have not yet been vjorked out 



Note K-7 proposes a pause system for n-smory, v;hich appears to be 
fairly firmly established: 



Item 
47 



Modification of items 19. and 32: Allov; mem.ory to develop its oivn 
timiing beginning on TP 3 (implying delay-line control), llake coriiputer 
stop on T? 6 and 10 if magnetic r^emory ■.-.•as selected, H-? says the 
equivalent restart pulses v;ill be provided by memory, but it has not 
been decided v:hether they should be generated by -central control in- 
stead. Details have not been v;orked onto 
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APPSliDIX B (Cont.) 



About 35 preliminary sketches for block schsjatics have been drav/n 
by IBM. Thsse ixave been su.-niarized on drav/ing SD-47010 (t-.vo pages). These - 
are not attached because the additional bulk seened unjustified. The block 
schematics (and suinuary), being preliminary sketches, are understandably, 
incomplete and inconsistent in some places. Comments on these sketches have 
been forv/arded to IB2Jo No attempt v;ill be made here to reviev/ those parts 
of the dravang which seemi questionable » A' subsequent supplement to this 
note, and a revision of the attached dra^/ings, T/ill present the design after 
IBM has considered the Droblem further « 



The follov/ing items are proposals, shown on (or im.plied by) the IBM 
sketches, v;hich appear fairly firmly established at this time and vrhich are 
different fromi the attached dravjingss 



Item 
48 



49 



50 



51 



52 



53 



54 
55 

56 



llodifi cation of item 13: 
and "orerateo" 



Llake operation "so" t?;o instructions: "sense' 



Modification of item 9: llake overflov/- sense an address of "sense" 
instr^action. 

llev; iter.: Obtsdn Ix Iv from. Op Reg instead of M Buf „ (ITote that Op Reg 
should nov; be 16 digits long<,) 

^edification of item 23: Place sense and operate riatrix on Op Reg, 
using Ix Iv bits. 

Llodifi cation of item 17: Use a 16-position matrix on the variation FI'^s, 
and do not use the FF outputs directly. 

Modification of item 27: Use OR and plp_ gates to combine outputs of 
class and variation matrixes instead of using variation ?F's directlyo 
(llote: To a large extent the only cost of the deccde-recode circuit 
of items 52 and 53, as opposed to a direct use of the FF outputs, is 
less than 200 diodes. The advantage is that some future instructions 
v;ill require some of these circui.ts anyz/ay, and it is desirable to use 
a straightf or.vard, consistent system of interconnections at least in 
the early models of the computer,) 

Modification of item 29: Make each CPO unit do only one thing. 

Modification of item 28: Call the extra Ace FF "Ace 16" instead of 
"Ace X". 

New items P]^ce parity bit on left end of M Buf «, 
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APPEbTDiA. 3 (Con-c'^) 



Item 
57 



58 



59 



60 



61 



62 



65 



64 



65 



Kev/ item: Use a separate overflov; accimulator FF, instead of time- 
sharing the sign control^ ZF, in addition to the overflov/ FF. 

iTev; item: Use FF^s, not levels from untrix, for controlling "Ace 15 
to B Reg S" on multiply, and quotient on divide « (See item 63) « 

ITeu item: Oiiit subtracting count circuit in Adr Reg, Always count up; 
complement Adr Reg before starting shift count, 

Modification of items 24, 38: count 5 pulses for each step of divide, 
using Adr Reg digits 8-10 for pulse distributor, 

Modification of item 34s Use diode AIX>^ and OR circuits on Adr Rog to 
determine if shifting 'Should start, if time pulses should stop, and 
v;hen to start time pulses and to stop shifting, 

'Modification of item 22: Sense A R^g sign, not End Around carry FFj 
to. determine carry mj^uts during divide o Sense adder matrix, not 
separate gate tubes, to compleiiBnt A Reg during jlv„ (Notes This 
simplifies divide control by making the end around carry 5F unnecessary 
duilng divide except for the shift left on PT TF 5, ) 

ITev; item (see item 58): Obtain quotient from carry out of Ace S, and 
run it directly to B Reg 15, (Note: Quotient-connection FF is turned 
off before correcting remainder.) Omit clearing of -BR 15 at start of 
divide, because this digit v;ill be lost anjnvay. 

ITev/ item: Read complement of 10 '.'Jd Ctr to R Ace on csvi^ and omit com- 
plementing R Ace afteiv:ard. 

Modification of item 25: Use read out gates for all transfers. 
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APESKDIX C 



Guide to Item Numbers 



In the following list, each item nunber appears only once ^ 
although it may belong in several categories. 

Underline means heading of discussion in Section 4:^ or that item 
is in Appendix B. 



Group 

A Instructions 

B ^Llatrixes 

C CPO Units and Titles 

D Clock and TED 

E Comrand Sequences 

F laanual Controls 

G Memory (and Control) 

H Test Storage 

J Ix Regs 

K Arithmetic Element 

L Divide 

M In-Gut 

N Check Register 

P Transfer Paths 
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